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POWER DELIVERY CIRCUIT WITH SHORT
CIRCUIT PROTECTION

FIELD OF THE INVENTION

This ivention relates generally to a power delivery
circuit for controlling electrical power flow to loads, wherein
the circuit comprises short circuit protection. More
particularly, this mvention relates to a load current power

delivery circuit having microprocessor controlled short cir-
cuit protection.

BACKGROUND OF THE INVENTION

The advent of solid state power drivers, specifically
half-bridge drivers, and their use 1n power delivery circuits
has created the need to monitor and to protect these drivers
against prolonged high current conditions due to short
circuits. The protection schemes employed heretofore in
these power delivery circuits have been complicated, not
completely effective and relatively expensive. The conven-
fional circuits utilized hardware protection schemes that
included various types of active electrical component cir-
cuits such as transistors and other types of switches includ-
ing current sensing switches. Most often the conventional
short circuit protection schemes only provided protection
against one type of short, typically, shorts to the power
supply’s ground.

These power delivery circuits are commonly provided
with multiple microprocessor controlled current flow paths.
The automobile industry has made use of these multi-current
path circuits for controlling motorized automobile devices,
such as motorized mirrors. The current flow paths are
typically paired to provide current tlow control to opposite
sides of each motor and therefore control the action of these
motors. The motors 1n these motorized mirror applications
are some times additionally equipped with a second control
device such as a manual override controller connected 1n
parallel with the microprocessor controlled power delivery
circuit. In these applications, the potential exists for the two
controllers to compete with each other exposing the power
delivery circuit to contention currents resulting from shorts
to source power or ground through the second control
device.

The ever increasing use of microprocessors to control the
current flow 1n these power deliver circuits provides a ready
source of intelligence for use 1n short circuit protection. The
present nvention provides short circuit protection 1n power
delivery circuits using a simple passive component electric
circuit and a microprocessor.

It 1s an object of this present invention to provide a power
delivery circuit with short circuit protection using a simple
passive electrical component circuit and a microprocessor.

It 1s another object of this present invention to provide a
power delivery circuit having short circuit protection against
both shorts to source power and to ground.

It 1s st1ll another object of this present invention to provide
a power delivery circuit with short circuit protection respon-
sive to the voltage at the circuit’s load connection terminal.

It 1s yet another object of this present invention to provide
a power delivery circuit with short circuit monitoring and
protection at each of the circuit’s load connection terminals.

It 1s a further object of the present invention to provide a
microprocessor controlled power delivery circuit having
short circuit protection that uses simple passive electrical
components and the microprocessor.

It 1s still a further object of the present invention to
provide a power delivery circuit having intelligent short
circuit protection.
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It 1s yet a further object of the present invention to provide
a power delivery circuit having fast-acting hardware short
circuit protection coupled with intelligent software short
circuit protection.

These and other objects of the present invention will

become readily apparent after studying and understanding
the present mvention, as hereinafter described.

SUMMARY OF THE INVENTION

The present invention advantageously provides a micro-
processor controlled power delivery circuit with short circuit
protection. The microprocessor controls the load current
flow at the circuit’s load connection terminal by connecting
this terminal to one potential or the other of a power supply
or opening the circuit to prevent current flow. The short
circuit protection uses a passive electrical component feed-
back circuit to communicate the voltage level at the circuit’s
load connection terminal back to the microprocessor. The
microprocessor routinely monitors this voltage and com-
pares this voltage against the expected voltage at this
terminal. When the actual voltage does not match the
expected voltage, the circuit will provide protection by
interrupting current flow through the load connection ter-
minal.

In another embodiment, the present invention provides a
microprocessor controlled power delivery circuit having
dual-action short circuit protection. The microprocessor
controls the load current flow at the circuit’s load connection
terminal by connecting this terminal to one potential or the
other of a power supply or opening the circuit to prevent
current flow. The short circuit protection for the power
delivery circuit 1s provided by a simple passive electrical
component feedback circuit that electrically couples the
circuit’s load connection terminal to the microprocessor’s
multiplexed 1nput/output control signal line.

After the microprocessor momentarily sends an output
signal, via the control signal line, to initiate the connection
of the load connection terminal to either source power or
cround, the feedback circuit maintains this connection.
When a short circuit occurs at the load connection terminal,
the feedback circuit protects the circuitry by switching the
terminal connection to the opposite potential of the power
supply, for instance from source power to ground and vice
versa. This will bring the load connection terminal to the
same voltage potential as that presented by the short circuit
which stops the potentially damaging current flow through
the power delivery circuit.

The microprocessor routinely monitors and compares the
actual voltage at the load connection terminal against the
expected voltage. When there 1s a short circuit condition at
the terminal, the actual voltage will not match the expected
voltage. The microprocessor will send a momentary output
signal re-connecting the load connection terminal back to
the originally requested power supply potential. If the short
circuit still exists, the feedback circuit will not maintain this
connection but rather 1t will switch the output terminal to the
opposite power supply potential. If these conditions persist
for a pre-determined number of cycles, the microprocessor
will determine that a valid short circuit 1s present at the load
connection terminal. The microprocessor will proceed to
protect the circuitry by switching the load connection ter-
minal connection to an open circuit or a high impedance
state, a substantially open circuit, essentially limiting all
current flow through the load connection terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic circuit diagram depicting one
embodiment of the power delivery circuit with short circuit
protection of the ivention.
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FIGS. 2A & 2B present a flow chart outlining the steps
performed by the microprocessor depicted 1n FIG. 1.

FIG. 3 1s a schematic circuit diagram depicting another
embodiment of the power delivery circuit with short circuit
protection of the ivention.

FIGS. 4A—4C present a flow chart outlining the steps
performed by the microprocessor depicted i FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

Before the invention 1s explained in detail, it 1s to be
understood that the invention 1s not limited 1n 1ts application
to the details of construction and the arrangements of
components set forth 1n the following description or 1llus-
trated 1in the drawings. The invention 1s capable of other
embodiments and of being practiced or being carried out 1n
various ways. Also, it 1s to be understood that the phrase-
ology and terminology used herein 1s for the purpose of
description and should not be regarded as limiting.

In FIG. 1, the circuit shows a general overview of, an
exemplary, dual half-bridge driver power delivery circuit
with short circuit protection. The power delivery circuit of
FIG. 1 depicts the control circuitry associated with hali-
bridge drivers 1 and 2. These half-bridge drivers in this
example are 1dentical and are connected mn an 1dentical
fashion. For ease of understanding, the related elements in
cach circuit have been assigned the same numeric designa-
fion and differentiated by the addition of a superscripted
prime for those elements relating to half-bridge driver 2.

Considering first the half-bridge drivers 1 and 2, the load,
or output, node 10 and 10' of the drivers are connected to a
load connection terminal 15 and 15'. These load connection
terminals can be connected to opposite sides of a load 4, 1n
this 1nstance a bi-directional electric motor. The power, or
“high” side, node 13 and 13' of the half-bridge drivers are
connected to the relatively positive side of a power supply,
in this instance a battery 5 which may correspond with a
storage battery 1n a vehicle. The common, or “low” side,
node 14 and 14' of the drivers are connected to the opposite
polarity of the power supply, which in this instance 1s
connected to ground potential. Ground potential serves as
the reference potential for the circuit. The enable node 8 and
8' 1s connected to a switching or controlling device, 1n this
instance to an output 6 and 6' on a microprocessor 3.
Similarly, the mput, or control, node 9 and 9' may be
connected to either a different switching or controlling
device or, as 1n this 1nstance, to the same microprocessor 3
but at a different point, a multiplexed input/output 7 and 7'

The switching circuits depicted 1n this embodiment of the
invention are of the halt-bridge type although any suitable
current path switching circuit may be used including circuits
comprising multiple transistors. The half-bridge drivers of
this invention may be of any type suitable for this purpose
including: halt-bridge driver circuits composed of discrete
components and those having one or more drivers on an
integrated circuit, for example one of the 1.293 integrated
circuits supplied by SGS-Thomson Microelectronics.

Half-bridge drivers are characteristically circuits that
when enabled, via the enable node, have an output level that
will take on the logical state of the input. When the driver 1s
not enabled (disabled), the output state shall become high
impedance, regardless of the mput state. In the high 1imped-
ance state, the output 1s essentially an open circuit as
virtually all current flow is stopped. The half-bridge driver
may be enabled either by setting the enable high or low
depending on the particular design characteristics of the
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driver. The high output state means the output 1s connected,
either directly or indirectly, to the power node of the circuit
and the low output state means the output 1s connected,
cither directly or indirectly, to the common node of the
circuit.

Returning to FIG. 1, the microprocessor 3 may be any
microprocessor suitable for this purpose. This may include

any of those 1n the Motorola 68HC05, 68HCOS and 68HC11,
SGS-Thomson Microelectronics ST7 and ST9, National
Semiconductor COP-8 families or the like. The micropro-
cessor may utilize digital, analog and/or multiplexed 1nputs/
outputs or combinations of these for communicating with
the circuitry. The microprocessor 1s typically supplied, as in
this mstance, from the same power supply 5 as used 1n the
power delivery portion of the circuit. It may be necessary to
condition the power for use by the microprocessor by
employing a known power conditioning device 17, such as
a regulator.

Continuing with FIG. 1, the output node 10 and 10' of the
drivers 1s connected to the 1nput node 9 and 9' via a resistive
feedback circuit which comprises a resistor divider circuit 11
and 11" and a filter capacitor branch circuit 12 and 12" which
connects to the ground source. This feedback circuit advan-
tageously enables the circuit to latch the driver 1n a particular
state while at the same time providing a means to electrically
communicate the voltage at the load connection terminal 15
and 15' to the microprocessor input/output 7 and 7'.

The components of this feedback loop are selected based
on the overall characteristics of the circuit. The resistors in
the divider circuit 11 and 11' should be selected to provide
a voltage corresponding to the voltage at the output that 1s
compatible with the ranges specified for the microprocessor
inputs and power delivery circuit inputs. For example, 1f the
power source 1s an automobile battery having a nominal
voltage 1n the range of 9 to 16 volts, as 1n this instance, the
pulldown resistor to ground may be about 15 K ohms and the
in-line coupling resistor may be about 10 K ohms.

The capacitor 1n the filter capacitor branch circuit 12 and
12' should be suitably sized to filter out transient voltages
while allowing the feedback circuit to adequately respond to
short circuits at the load connection terminal 15 and 15" A
typical capacitor for a circuit of the present example will be
about 4700 picofarads

A flow chart of the steps to be implemented by the
microprocessor of FIG. 1 1s outlined in FIGS. 2A & 2B. The
microprocessor 3 receives a request 100 to operate the
motors from a switch or other communication device, not
considered part of the present invention. Before proceeding
with the request to move the motors, the processor checks
102 for any shorts to battery by setting all input/outputs 7
and 7' to input mode. When these input/outputs are set to the
input mode the microprocessor 1s able to monitor the voltage
at the load connection terminals 15 and 15', via the resistive
feedback circuit.

If the voltage at the load connection terminals 15 and 15
1s high 104, the microprocessor proceeds to step 128, in FIG.
2B, wherein the processor: 1) sends a low output signal, via
outputs 6 and 6', to the enable node of the drivers which
disables the drivers, 11) switches the mput/outputs 7 and 7' to
output mode and transmits a low signal to the input node of
the drivers, and iii) resets the microprocessor’s fault counter.

If all the driver outputs are low 104, the processor
proceeds to process the operate motor request to determine
which output states are required to rotate the motor in the
required direction. The rotation of the bi-directional motor 4
1s controlled by causing current to flow therethrough 1n one
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direction or the other. Thus, for example, half-bridge driver
1 can be switched high, such that its power node 13 i1s
connected to the output node 10, and the opposing half-
bridge driver 2 can be set low, which connects its output
node 10' to the common node 14', causing the motor to rotate
in a direction relative to the current flow. Based on the
desired rotation, the microprocessor determines 106 and
stores the desired output state for each of the mput/outputs

7 and 7', creating a pattern for the outputs (hereinafter “the
Pattern™).

The microprocessor then proceeds to initialize 108 the
drivers by 1) setting the output state of the input/outputs 7
and 7' in accordance with the Pattern, 11) sending the selected
output state to the driver mput nodes 9 and 9' by switching
the mput/outputs 7 and 7' to the output mode, and ii1) setting
the outputs 6 and 6' to the high state which enables the
drivers. The drivers respond to the signals from the micro-
processor by switching each drivers’ output node 10 and 10’
to the power node 13 and 13' or common node 14 and 14
accordingly.

The 1nput/outputs 7 and 7' are maintained 1n this state
until the mitialization period 1s over 110. The microproces-
sor should maintain this initialization state for a period of
time suiliciently long enough to allow the output to stabilize
and to charge the filter capacitor 12 or 12', for example 40
microseconds.

After the 1nitialization period, the microprocessor changes
112 the mput/outputs 7 and 7' to mnput mode and allows the
resistive feedback loop 11 and 11' to hold the drivers 1n their
present state. The microprocessor routinely checks 114 for
additional requests to change the state of the motor or stop
the motor. Upon receipt of such a request, the microproces-
sor proceeds to disable the drivers at step 128. If no request
to stop the motor 1s received, the microprocessor checks 116
to see 1f the monitor driver state timer has timed out.

If the timer has not timed out, the microprocessor loops
back to step 114 as indicated by the arrows on the flowchart.
The monitor driver state timer determines how often the
microprocessor will monitor the outputs and the overall
circuit’s response to a short circuit condition. This time
per1od 1s dependent on the particulars of the circuit and may
be any suitable value, for example about 10 to 25 millisec-
onds.

If the time to monitor timer 116 has timed out, the
microprocessor reads 118 the inputs of the mput/outputs 7
and 7' and compares 120 these to the Pattern, the state last
requested. If the input signals match the Pattern, the micro-
processor proceeds to clear 126 the fault counter, then
returns to step 114.

If a discrepancy exists between the inputs and the Pattern
in step 120, the microprocessor mncrements 122 the fault
counter. If the fault counter has not reached the pre-selected
maximum value 124, the microprocessor returns to step 108.
If the fault counter has reached the pre-selected maximum
value, the microprocessor proceeds to disable drivers at step
128. The disabling of the drivers sets the output to high
impedance and disables 130 the motors.

The pre-selected maximum value in the fault counter
determines, 1n the event of a short circuit, the number of
re-1nitialization cycles the circuit will perform before dis-
abling the drivers. This value can be set at 0, a finite number,
or 1niinity. When the value 1s zero, the microprocessor will
disable the drivers without performing a re-initialization.
When the value 1s infinity, the fault counter will never
disable the drivers. When the value 1s a finite number, the
circuit will attempt to re-1nitialize the drivers for the selected
number of cycles and then disable the drivers.
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For a better understanding of how the power delivery
circuit with short circuit protection depicted generally 1n
FIGS. 1 & 2 operates, the following non-limiting example
provides a description of operation. Both drivers 1 and 2
follow the same procedure, so the description for only one
driver 1 1s given.

Disabled State

Initially, the microprocessor 3 holds the enable line 6,8 1n
the disabled state. This causes the driver output 10 to go to
higch 1mpedance. The high impedance stops virtually all
current flow through the load connection terminal 15 essen-
tially creating an open circuit. The multiplexed 1nput/output
7 1s set to output mode with the output signal set to low.
Initial Check for Current Short to Battery

When the microprocessor receives 100 a request to
activate/move the driver/motor, the microprocessor switches
the mput/output 7 to mput mode and then executes a read
102 of the mput/output. If the read confirms 104 that the
output 10 of the driver 1s low 104, the microprocessor
advances to determine 106 what signal to send to the driver.
If however the output of the driver reports 104 a high signal,
it 1s assumed that a short circuit to battery exists on that
output 10 and the driver 1s returned to the disabled state 128.
Initialize Drivers

The microprocessor input/output 7 1s switched to output
mode and an output signal responsive to the move motor
request 1s stored 106 1n a data register and sent 108 to the
output. Stmultaneously, or shortly thereatter, the microcom-
puter 3 enables the driver by driving 108 the enable node 8
higch with a signal from the microprocessor output 6. The
microcomputer maintains these settings for a time, ¢, ..
which provides adequate time for the filter capacitor 12 to
charge and the driver output 10 to stabilize under normal
loads. Once t, . expires 110, the microcomputer 3 configures
the 1mput/output 7 to mput mode and the output level of the
driver, via the resitive feedback circuit 11, holds the driver
input 1n the proper state.

Hold Drivers

Once the driver has been initialized with a normal load
attached, the voltage at the load connection terminal 15 of
the driver, through the resistive feedback circuit 11, will hold
112 the input 9 of the driver 1n the 1nitialized state. The filter
capacitor 12 will assist 1n providing resistance to noise,
static, surges, etc. from toggling the state of the driver. The
microprocessor maintains the output 6 to the enable node 8.
The microprocessor periodically polls 118 the mput/output,
which 1s in input mode, and compares 120 the reported state
with the requested state, the Pattern. If the two states match
120, the microprocessor clears 126 the fault counter and
proceeds with its other tasks. The circuit will continue 1n this
mode until a short circuit occurs or the microcomputer
requests the drivers to stop.

Ground Short Circuit Protection

A driver that 1s 1n the high state and has 1its output short
circuited to ground may experience a potentially damaging
high current flow. This high current does not continue for
long because the grounded output discharges the filter
capacitor 12 through the resistor divider network 11 result-
ing 1n the driver mput 9 level changing from a logical high
to a logical low. Once this reversal occurs, the driver output
10 1s switched to the low side of the power supply (i.e.
common) and the high contention current is stopped. The
delay time between the initiation of the short circuit and the
driver state togeling from high to low 1s adjusted by select-
ing different feedback resistors 11 and capacitors 12 1n the
feedback circuit.

After a pre-selected time 116, the microcomputer will poll

118 the input/output 7 and determine that the voltage at the
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load connection terminal 15 does not compare 120 with the
intended voltage output state of the driver. The microcom-
puter will increment 122 a fault counter and, if not equal to
or greater than the pre-selected maximum value, attempt to
re-initialize 108 the driver to the original state. During the
re-1nitialization period 110, the driver responds to the signal
from the microprocessor, over the signal produced by the
feedback circuit, causing the driver to return to the high
state. If the short circuit still exists, the potentially damaging
current will again flow through the driver during the
re-initialization period 110.

Once the re-initialization period has expired, the high
output signal from the 1nput/output 7 will terminate and the
input/output 7 will be switched to input mode. The signal
provided through the feedback loop will cause the driver
output 8 to revert from high to low. This will stop the
potentially damaging current since the driver output voltage
1s now set to the same voltage level as that presented by the
short circuit condition. At the next polling interval 116, the
microprocessor will again read 118 the voltage at the load
connection terminal 15 and again detect 120 it not equiva-
lent to the intended voltage output state of the driver. Again,
it will increment 122 the fault counter. This sequence of
software re-initialization, hardware reversal, will persist
until the fault counter reaches 124 the pre-selected maxi-
mum value. At that point, the short circuit 1s considered to
be a valid, non-transient, short to ground and the micropro-
cessor will place the driver 1n the disabled state 128.
Battery Fault Protection

If a short circuit to battery existed at the time the motor
request was first received, the procedure would have
detected 104 this condition and maintained 128 the drivers
in their disabled state.

After the driver 1s 1nitially set to a low state, the driver 1s
held 1n the mitialized low state by the resistive feedback
circuit 11 from the driver output 112. When a short circuit to
battery occurs at the load connection terminal 15, a poten-
tially damaging high sink current flows through the driver
circuitry. The voltage on the filter capacitor 12 rises above
the driver mnput threshold causing the driver state to reverse
from low to high. This sets the driver output voltage
potential to the same voltage potential presented by the short
circuit condition and stops the potentially damaging current
flow.

At a pre-selected time 116, the microcomputer will moni-
tor 118 the voltage level at the load connection terminal 15
and compare 120 1t to the expected voltage level. Since a
short to battery condition exists at the load connection
terminal 15, the microprocessor will detect 120 a fault. The
microcomputer will increment 122 the fault counter and,
providing 1t does not equal or exceed the pre-selected
maximum value, will attempt to re-initialize 108 the driver
output to the original state. If the short circuit still exists, the
current will be high during the re-inmitialization period 110.

Once the re-mmitialization period expires 110, the low
output signal from the mput/output 7 will stop and the driver
controlled by the feedback circuit will revert from low to
high. Again, the microcomputer will monitor 118 the voltage
at the load connection terminal 15 and determine 120 that 1t
does not match the intended state. Again, it will increment
122 the fault counter and, providing the fault counter has not
reached the pre-selected maximum value, proceed to
re-initialize 108 the driver. This sequence of software
re-1nitialization followed by the hardware reversing the state
will continue until the fault counter reaches 124 the pre-
selected maximum value. At that point, the short circuit is
considered to be a valid, non-transient, short to battery and

10

15

20

25

30

35

40

45

50

55

60

65

3

the microprocessor will proceed to place the driver in the
disabled state 128.

FIG. 3 depicts another embodiment of the present inven-
fion. This embodiment employs an integrated circuit for
controlling power delivery to two bi-directional electric
motors. Any suitable load current switching integrated cir-

cuit may be used in the present invention including an
[L.293E, L293D or the like, supplied by SGS-Thomson

Microelectronics, or any other suitable half-bridge drivers
conventionally used in power delivery circuits.

The L293 1s a standard integrated circuit commonly
employed in power delivery circuits. The integrated circuit
provides four output terminals OUT1-4 which are controlled
by four corresponding input terminals IN1-4. Additional
control 1s provided by the enable terminals EN1-2 which
cach control a pair of output terminals, specifically, EN1

enables OUT1 and OUT2 and EN2 enables OUT3 and
OUT4. The output terminals go to high impedance when the
respective enable terminal 1s set low, disabled. When the
respective enable terminal 1s set high the output terminal
will be either source power, 1f the respective input terminal
1s high, or common, if the respective mput is set low.

Continuing with FIG. 3, the circuit 1s powered by a power
supply 51, which can be any suitable source of power, for
example a battery. The relatively high side, or plus side, of
the power source 1s connected to the supply voltage terminal
(+) of a microprocessor 53, and a supply voltage VS and
logic supply voltage VSS terminals on a L293 integrated
circuit 54. The relatively low side, or negative side, of the
power supply 1s connected to a common ground for the
circuit, along with the ground GND terminals of the 1.293
integrated circuit 54 and the microprocessor 53.

The L293 integrated circuit 54 1s controlled by a micro-
processor 53. The four outputs 55(01-4) on the micropro-
cessor 33 are connected directly to the four inputs S7(IN1-4)
of the L293 imtegrated circuit 54. The {ifth output terminal
61(05) on the microprocessor 53 is connected to both enable
terminals 62(EN1-2) on the [.293 integrated circuit 54.

The four outputs 58(OUT1-4) on the [.293 integrated
circuit are connected to the four load connection terminals
63 (a—d) . Each of these terminals are connected to the loads
as follows: 63a and 63b are connected to opposite sides of
the first load 524 and terminals 63c and 63d are connected
to opposite sides of the second load 52b. The load may be
any low current load typically controlled by these circuits
for instance a solenoid, relay, power transistor, stepper
motor, dc motor or the like. The exemplary loads depicted in
FIG. 3 are bi-directional electric motors 52(a—b). A dual load
power delivery circuit such as this may be used 1n a wide
variety of dual motor applications, for 1nstance an electri-
cally powered automobile mirror. Where one motor drives
the vertical movements of the mirror and the other drives the
horizontal movements.

Each of the four load connection terminals 63 are 1ndi-
vidually connected back to an input 56(11-4) on the micro-
processor 33 through four individual feedback circuits. Each
of these feedback circuits includes a resistive divider net-
work 59 designed to condition the voltage to an acceptable
range for the microprocessor mput 56. The resistive divider
network will comprise of at least two resistors: 1) one
coupling the load connection terminal 63 to the micropro-
cessor input 56, and i1) one branching from the micropro-
cessor 1mput side of the coupling resistor to ground. Each
feedback circuit also includes a filter capacitor 60 connected
between the microprocessor side of the coupling resistor and
oground.

In a typical automobile circuit where the power source 1s
a 12 volt storage battery, the typical maximum voltage 1s
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between about 9 and 16 volts. In this instance, the feedback
circuit to a digital input 6 on the microprocessor may consist
of about a 56 K ohm coupling resistor, a 43 K ohm branching
resistor, and a 1 nanofarad filter capacitor. If the feedback
circuit 1s directed to an analog mnput 6 on the microprocessor,
the coupling resistor may be about a 5.6 K ohm resistor, the
resistor 1n the branched circuit to ground may be about a 4.3
K ohm resistor, and the filter capacitor 1n the parallel branch
circuit to ground will be about 10 nanofarads. It should be
appreciated that the components employed 1n the feedback
circuit will be dependent on the particulars of the given
circuit and may employ different sizes, types, arrangements
and quantities of components.

FIG. 4 depicts a flowchart of an exemplary procedure
employed by the microprocessor 53 depicted 1n FIG. 3. The
microprocessor upon receipt of a request 151 to control the
motors will proceed to execute the process steps of this
routine. If the request 1s to stop 152 the motors, the processor
will proceed to step 154. If the request 1s for anything other
than to turn-off the motors, the microprocessor proceeds to
step 153.

If the motors are currently running 153, the microproces-
sor proceeds to command 159 the 1293 inputs 57 by setting
the microprocessor outputs 35 1n accordance with the new
request to control the motor. If the motors are not currently
running 153, meaning the drivers are disabled, the micro-
processor proceeds to poll 157 the mputs 56 to read the
voltage level at the load connection terminals 63. If any of
the mputs 56 read high, it 1s determined 158 that a short
circuit to battery condition exists and that the drivers should
remain disabled and the routine exited 163.

If all voltage levels at the load connection terminal are
low, the process proceeds to set 160 the inputs to the desired
state as determined from the control motor request 151. It
the motor control request requested the first motor 52a to
rotate, 1n a particular direction, this will determine which

output S8(OUT1 & 2) should be set high and which output
S8(OUT1 & 2) should be set low. After setting the driver
iputs 57, the microprocessor proceeds to enable the drivers
by setting 161 the enable output 61 high.

The drivers are now enabled and allowing load current to
flow to the motors as directed by the original or new inputs
set 1n steps 160 or 159, respectively. The microprocessor
monitors the voltage level at the load connection terminals
63 by polling 165 the mputs 56 which are connected to the
load connection terminals 63 through the feedback circuat.
The microprocessor compares 166 the input values read to
the expected values determined by the requested state of the

drivers as indicated by the microprocessor outputs 35, If
there 1s a mismatch 166 between the two states, 1t 1S
determined that a short circuit exists.

The microprocessor can detect both shorts to grounds and
shorts to battery by this method. For example, 1f the micro-
processor sets a particular driver high and the corresponding,
monitored load connection terminal 1s reported as having a
low voltage level, 1t will be concluded that a short circuit to
oground exists at that load connection terminal. If the micro-
processor sets a particular driver low and the corresponding
load connection terminal 1s reported as having a high voltage
level, 1t will be concluded that a short to battery exists at that
load connection terminal. Once either type of short circuit 1s
detected, the drivers are disabled 169 and the routine 1s
exited 168.

Once the voltage levels at the load connection terminals
63 are satisfactorily confirmed with the corresponding
microprocessor outputs 166, the microprocessor waits 167 a
period of time, in this instance 5 milliseconds, before
enabling 171 the check routine.
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Once the check routine 1s invoked, the processor monitors
172 the voltage level at the load connection terminals 63 and
compares 173 these to the mtended state. If the micropro-
cessor detects a mismatch, the drivers are disabled 176 and
the routine 1s exited 175. If the values read at microprocessor
inputs satisfactorily compare with the expected values relat-
ing to the microprocessor outputs, the microprocessor com-
mands the check routine to run again after a pre-selected
wait pertod 174, 1 this mstance 5 milliseconds, and exits
175 the check routine. This delay period i1s set in the
microprocessor and can be adjusted to a period that provides
adequate protection for the circuitry based on the overall
design of the circuit. This check routine continues to run
periodically until 1t 1s disabled 156 or a short circuit 1s
detected.

Returning to step 152, if the motors have been requested
to be stopped, turned off, the microprocessor proceeds
through a circuit shut-off routine. First, the motors are
clectronically braked by setting 154 all the driver inputs 57
low. The microprocessor then proceeds to disable the drivers
by setting 155 the enable output 61 low. Finally, the micro-
processor disables 156 the check routine and exits 163 this
routine.

The circuits of this invention can be optionally equipped
with a troubleshooting display or communication port. Since
this circuit monitors each load connection point, 1t 1S pos-
sible to determine exactly which load connection point has
a short circuit condition present. It 1s also possible to
determine the type of short circuit condition that is present.
This information can be registered by the microcomputer
and/or reported to a troubleshooting device via a commu-
nications port and/or on a display.

The circuits of this mnvention can optionally be provided
with a diagnostics feature. By connecting simulated loads
and commanding a predetermined high and low signal
pattern at the load connection points, the microprocessor
can, via the inputs and outputs, be used to verify that the
predetermined high and low signal pattern propagates
through each component of the circuit. This will readily
identify the location of any faults 1n the circuit. The micro-
processor could record and/or report these faults via a
display and/or a communication port.

What 1s claimed 1s:

1. A power delivery circuit for supplying load current to
a load, comprising:

a load node for connection to a load said load node having
a voltage;

a power node for connection to a source of an electric
power supply;

a common node for connection to a common of said
clectric power supply;

a selector for controlling current through said load node;
whereln

said selector selects between three modes:
a first mode that enables current flow between said load
node and said power node,
a second mode that enables current flow between said
load node and said common node, and
a third mode that substantially limits any current flow
through said load node; and

an 1nput for receiving at least one control signal directing,
said selector to select a particular mode; and

a controller for generating at least one said control signal,
wherein said controller compares the voltage at said
load node with a value corresponding to said control
signal and wherein said controller produces said control
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signal directing said selector to select said third mode
when the voltage at said load node differs from said
value.

2. The circuit of claim 1 wherein said selector input
further receives a hold signal; and wherein said circuit
further comprising:

a feedback circuit for sending said hold signal corre-
sponding to the voltage at said load node to said
selector input.

3. The circuit of claim 2 wherein said hold signal directs

said selector to select said first mode when said voltage at
said load node 1s high and to select said second mode when

said voltage at said load node 1s low.
4. The circuit of claim 3 wherein said controller measures

said hold signal before enabling said selector to select one of
said first and second modes.

5. The circuit of claim 1 wherein said controller 1s a
MI1CrOprocessor.

6. The circuit of claim 1 wheremn said selector 1s a
half-bridge circuit.

7. The circuit of claim 1 wherein said at least one signal
comprises: a first signal directing said selector to said third
circuit or to respond to a second signal; and said second
signal directing said selector to said first circuit or said
second circuit.

8. The circuit of claim 1 wherein said value 1s either a
or a 1.

9. The circuit of claim 1 wherein said voltage at said load

node 1s communicated to said controller through an electri-
cal circuit.

10. The circuit of claim 9 wherein said electrical circuit
comprises at least one passive electrical component.
11. The circuit of claim 9 wherein said electrical circuit
comprises at least one resistor and a capacitor.
12. The circuit of claim 9 wherein said electrical circuit
comprises at least one voltage divider portion.
13. A power delivery circuit for supplying load current to
a load, comprising:
a load node for connection to a load, said lode node
having a voltage;
a power node for connection to a source of an electric
power supply;

a common node for connection to a common of said
clectric power supply;

a selector for controlling current through said load node;
wherein

said selector selects between three modes:
a first mode that enables current flow between said load
node and said power node,
a second mode that enables current flow between said
load node and said common node, and
a third mode that substantially limits any current flow
through said load node; and an mput for receiving;:
a hold signal, and
at least one control signal directing said selector to
select said first mode when said voltage at said load
node 1s high and to select said second mode when
said voltage at said load node 1s low;

a controller for generating at least one said control signal
for a period of time, wherein said controller compares
the voltage at said load node with a value correspond-
ing to said control signal, and, wherein said control
signal overrides said hold signal when both said hold
signal and said control signal are received at said
selector mput and,

a feedback circuit for sending said hold signal corre-
sponding to the voltage at said load node to said
selector input.
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14. The circuit of claim 13 wherein said controller peri-
odically performs said comparison of the voltage at said load
node to said value.

15. The circuit of claim 14 wherein said circuit further
comprises a counter that increments to a new value each
fime said comparison results in a difference.

16. The circuit of claim 15 wherein said counter has a
pre-selected maximum value.

17. The circuit of claim 16 wherein said controller gen-
erates said signal directing said selector to said third mode,
when said new value equals or exceeds said maximum
value.

18. The circuit of claim 17 wherein said selector does not
respond to said hold signal when said selector 1s selected to
said third mode.

19. A power delivery circuit for supplying load current to
a load, comprising:

a load node for connection to a load;

a power node for connection to a source of an electric
power supply;

a common node for connection to a common of said
clectric power supply;

a switching device for controlling current through said
load node; wherein

said switching device has three states:
a first state that enables current flow between said load
node and said power node;
a second state that enables current flow between said
load node and said common node; and
a third state that substantially limits any current flow
through said load node; and

an input for receiving a control signal and a hold signal for
directing said device into a particular state, wherein
said device does not respond to said hold signal when
in said third state;

a controller comprising:

a signal generator that periodically sends said control
signal to said device 1nput;

a comparator that periodically compares the voltage at
sald load node to a value corresponding to said
control signal;

a counter having
a pre-selected maximum value; and
a count value that 1s incremented each time said

comparator 1dentifies a difference between said
voltage and said value; and

wherein said control signal sent by said signal genera-
tor directs said selector into said third state, when
said count value equals or exceeds said maximum
value;

a feedback circuit for communicating said hold signal
corresponding to the voltage at said load node to said
selector mput; and

wheremn said control signal overrides said hold signal.

20. The circuit of claim 19 wherein said circuit comprises
semiconductor components.

21. The circuit of claim 19 wherein said switching device
1s an 1ntegrated circuit.

22. The circuit of claim 19 wherein said circuit further
comprises diagnostics means for assisting 1n circuit diag-
nostics procedures.

23. The circuit of claim 19 wherein said circuit further
comprises troubleshooting means for indicating trouble con-
ditions 1dentified in the circuit.

24. In a power delivery circuit comprising a power source,
a load, and a driver having an output and at least one 1nput
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for selectably connecting the load to either the power source
or the ground, the improvement comprising: a protection
circuit for introducing a high impedance into said power
delivery circuit when said driver 1s short circuited to said
source and when said driver 1s short circuited to the ground,
said protection circuit including a first portion for introduc-
ing impedance mto said power delivery circuit in response
to a short circuit and a microprocessor for controlling said
first portion and disabling said driver if the short circuit
persists.

25. A power delivery circuit according to claim 24
wherein said first portion includes circuit means for sensing,
a voltage level at said driver output and interrupting said
circuit 1n response to a change 1n said voltage level.

10

26. A power delivery circuit according to claim 25 includ- 15

ing a filter for preventing transient fluctuations i1n said
voltage level from affecting said circuit means.

27. A power delivery circuit according to claim 26
wherein said circuit means 1s responsive to voltage increases
when said driver 1s connecting said load to ground and to
voltage decrease when said driver 1s connecting said load to
said power source.

28. A power delivery circuit according to claim 27
wherein said circuit means includes a connection between
said driver output and at least one of said driver inputs.

14

29. A protection circuit for protecting a driver 1n a power
delivery circuit from short circuits to a power source or to

ground comprising;:
interrupter means for detecting a short circuit to ground
and detecting a short circuit to the power source and
interrupting current flow through the driver 1n response
thereto;

controller means for restarting the current flow after it has
been interrupted; and,

disabling means for disabling said driver after a given

number of short circuits have been detected.

30. A protection circuit according to claim 29 wherein
said driver includes an output and at least one input and
wherein said mterrupter means includes a circuit for sensing,
a voltage level at said driver output and interrupting said
circuit 1n response to a change 1n said voltage level.

31. A power delivery circuit according to claim 30
wherein said circuit includes a connection between said
driver output and at least one of said driver inputs.

32. A power delivery circuit according to claim 31

20 wherein said circuit 1S responsive to voltage increases when

said driver 1s connecting said load to ground and to voltage
decrease when said driver i1s connecting said load to said
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